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BAOKOfiOUNP OF THE irfVENTIPM 

KKXn ] This invention relates to a radiation sensitive resin composition. More spedicaDy, iNs bwantion relates to a 
radiation sensitive reain oomposRion ftwt is useful In the manufacture of positive and negalive type resisiB suitable for 
inicrof^rlcatian using various kinds of radiation. Tha composition contains a ptiotoadd oenerator convvis&HI a oonti- 
naflon of a compound that generate a carboxyOc acid upon expowe to radiato 
ates another add upon eavowe to radiatioa 



[0002] In the field of nriootabrtcafon, as exemplified in the manulteture of an Integrated circUt davloa, a rapidly prcv- 
grossing trend is to establish design rules for products wSh finer dimensfons t)y iha IfthographIc process with the aim of 
attaining higher degrees of cbcurt integration. Development of a tthographic process that te oynble of reliably perform- 
ing inicrofabricalion with precision for a line width of 0.5 ^m or less has t^ 

100031 The above development also caXe fbr preparation of microfobrication resists with the capability of accurately 
forming resist patterns wiSi a line widih of 0.5 or less. However, drawing such a mtote pattern with high enoi^h 
precision is very dHflcuft with the convenllonal process based on visible (wavelength: 700 - 400 nm) or near uftra- 
vlolet rays (400 - 300 nm). Fbr this reason. Dlhographfo prooesses based on radiation with a shvter wavelength (300 
nm or less) that is capable of achieving a greater focal deplh and being effecUva for esUbtishing design rulee for prod- 
ucts with Iher dimensions have been propoeed. 

ED004I As the lithographic processes using such short wavelength radiation, tor example, methods based on a brigm- 
fine qpeetnim of mercury^vapor light (wavelength: 254 nm), a KvF axeimer laser (wavelength: 248 nm), an ArF axckner 
laser (wavelength: 1 93 nm). X-rays such as synchrotron radiation, or charged parfele lad atibn such as alec^ beams 
ara being propoeed. In addition, a *bhetnicaly anflified rasisT tas been propose as a high-reeduMbn leslsl suitEfole 
for use wHh such short wavelengih radiation. Improvements in the chemically ampiilled resist are now being actively 
pursued. 

lOOOSlWth a diemicaly amptined resist, add is generated when the photoadd generator contained in such a resist 
is Irradiaied (a process hereafter tenned ^ai^xisure*). The add thus generated acts as a catalyst to trigger chemical 
reactions sudi aaatoalion of polarity, cleavage of ohemioal bondsw or cross^linHng wKhbi the sqsoaedpart of the resist 
f fen. The resdting change in adubility characteristice of the exposed part fo a developing edution can then be uHized 
to develop a pattern. 

[0006] Various disdosures have bean made in the past for such a diemically ampif ied resist, irwiuding resists based 
on resins wherein (1) an alcali alfinifve group in the alkali sduble rasin is protected by a t-butyl ester group or t-bufox- 
ycarbonyl group (see Japanese Patent Publication Na 27660/1990); (2) an alkali aff}n»ive gtou^ the afcaB soluda 
redn is protected by a dlyl grtx^ (see Japanese Patent Pubficatfon Na 4429(V1 991} ; (3) an alkali alfir^tive gta^ In «ie 
alkali sduble resh is protected ty a 1^ group (see Japanese Patent AppBcation LakK)pen Na 140666/199^; and 
(4) an alkaO affinitive groMp In the alkal soluble resfai Is protected by an aoetal group (see Japanese Patent Applfoatfon 
Laid-open Na 1614360990 and Japanese Patent Applfoatfon Laid-Open No. 249682/1993). 
I0007I Howaver.ahasbeenpdntedoutthateae^ofthesechemtcaSyanpli^^ 

^ rise to varfous ebstadas tor actual appficafion to nUcrdafaricaHon. especially with a crltfeal dedgn dlmenefon of 0.25 

»uii or teas. In most recent yeara, reports liave begun to appear on prdbtems in mforo^ 

dfoiensfon of apprcodmately 0.20 pm at a f im thickness of 0^ |un or less. These ao-caled 'Imo-adga raughness' or 

*ooaling eurtace roughneas" problems are caused by SKoesslva unevenness of the aurlace and ttia lateral ftees of a 

r^tt after pattern fom wlton. h ampering mforaleMcatfon accoiding to the designed critfoal dimension. 

IPOOB] Meanwhn^ooncarriingradiattonserisftive resin oonpodtionsd positive 

discfosed that line width contrd can be made easier ly using as a photosensitive compound a confoination of a pho- 
toadd generator and a compound that can be decomposed into a neutral substance upon irracfiatfon (see Japanese 
Patent Appication Laki-Open Na 43837/1997). However, although audi a compositfon excels in resdutba heat resist- 
ance, or etching m^urance, it has insuffident perfomianoe particuiarty in the matter of '*nano-edge rouglYiess" or "coat- 
ing surface roughness". Therefore, developmenl of a chemically anpfiffod resist that not only eaMbits excellent 
reeolutfon, pattern profile, or other perfonnance but also has the cafMbOHy of advlng the problems of "nano-adga rough- 
ness' or "coating surface roughness" is stror^y desired. 

[00091 Accordngly, an objed of the present inventfon is fo provkle a radiatton sensitive resin compositfon suHabfe as 
a chemically amplHied resist ol either a positive or negetive type that elfecively rasponds to varfous types of radatfon 
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such as tar uHraviofat mys. X^ayR. or charged partWe beams. Such a reds! Is. m addWon to horino exceflem resoliilion 
86 weO 88 pattern profile, capable of reliably forming higWy aocumte and minute resist patterns, specifically without 
causing "nano-edga roughness" or "coating surface roughness". 

5 SUMMABV OF THg INVENTIQN 

AoooRlinglc>thepr«senlinvention. the^aoveobjeetcan be achieved Kv a positive type radiation seneitiva resin 
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IS 



(A) (a) an aBmlHnsoUble or alkali lov^eoitAle resin protected by an acid*decomposdble groiqa and turning alkafi* 
soluble ^n sffld acid<Jeconpo8dble group is deconpoeed or W 

controller: and 

(B) a photoadd generator compriang two or more chemical compounds, one being a oonnpound iwhich upon expo- 
sure to radiation gaieialeB a oarboxylic acid haring a boBing point ol ISCyC or Ngher under atmospheric pressure 
and the other a corrpound wWch upon axposure to radiafion generates an add other than a carboxyUe acid <1he 
resin composition described above is hereafter referred to as ^positive tone resin composition"). 

IPOIl] Acoofdii^ to the present invention. «ie above can further be achlwed Iv a negative type radiation sen- 
sitive rasin cornposHion comprising: 



(G) an alcBK-eoliMe reela 
(D) a compound capable of oross-inMng an aMhsduble resin In the presence of an add, and 
(ffi a pholoadd generator coiTYsrising two or more chemical compounds, one being a compound which ipon expo- 
sure 10 radiatksn genetatea a caibaxyfic add having a boiling pdnt of 1 SO'C or higher under atmospheric pressure 
SB and the other a con^und which upon efi^osure to radiadon generatea an add other than a carboxyUo acid (the 
resin composition desonbed above is hereafter referred to aa "negative tone resin comp08itk)n"). 

((KM2] CMherandfirthwob|ecte.le««urBaandadwartage8ofthepreeemk^^ 
lowing descripUon. 

^ BRIgF DESCRIPTION OF THE I^WVINGS 
190191 

ss Rgure 1 is sectional skie dtmensk)ns of a rssist pattern illuslrating the evaluation method fbr Ihe coating surface 
rouf^nees. 

pp T^liai DESCRIPTIQM OF THE INVElN mOM AMD PREFERRED EMBODIMENTS 

40 10014 The various canvxments from whidi me positive tone resin compositbn and negative tone resin composHion 
of Ihe present immnon aie prepared wHI now be described in detail. 



45 rootq The alkaliHnsohi9te or alkali Iow4olii3le resin pra^^ 

soKible when said add^ecomposable group is decomposed, to be used in toe poeitive tone mk% c o mpo si tion (as the 
component (A) (a)) (herefciafter referred to as the *add-deoomposable groupcontairiing resin-) is a resin whteh Is in 
Hsetf alian-insoUMe or alkali low-solUble; HydmgenatonnsintheackSic1unclk>nalgioupeof sucha resin eontainingone 
or more acidic functional groi^js such as a phenolte hydrocyl group, carboxylte grouf^ and the Kks ore replaced wUh one 

80 or more types of add-deconposable groups ttiat can be decomposed in the presence of an add. The charaeteriSBe of 
a resin being "alkali-insoluble or a9cali low-soluble* mentraned above is defined as the feature to retain 50% or more of 
the initial f Im thidoiess of a resist coating which is tomned based only on the ackt-deoomposable group-cont^ing 
resin, in li«j of the resin composition of the present HfwentkMx and developed under the alkaline developfrig condiiions 
to be'emptoyed when a resist pattern is forn^ed from a resist coating comprisiig a radiatton sensitive rwin composition 

ss containing an add-decomposable group-containing resin. 

potq As the aforementxxied add-deoomposable group In an ackl-deoomposable group<ontaining resin, thera can 
bemBntk]ne4fbr«xanvle.substitutodmemylgroupaV8ubstituted6ttn^ l-branchedalkyl groups, silyl groups, 
gemnyl groupe, alkaxycarbonyl groups, acyl groiva, and cydic add-deoomposaWe groups. 
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{00171 Given as q>eciftc examplw of the atove-mentioned eubetitited meth/t groups are a methoxymethyl gnAi^ 
methyHhiome%l tiitxjp, efhaxymethyt grop, tthyHNomettiyt group. mettiOKyethoxymettryl groupi bonzylaxyniettvf 
graifs. benzytthiomethyl group, phenacyt group, bromophenacyl groi«>, methoxyphenacyl group, methyWilfiphofiacyl 
grotp. a-mettiylphtnacyl groip cydopiopytme^ groups benzyl groups dphtnylmethyl groip trfphenylmethyt groipk 

5 bronxibenzyl greuvx nrtrobenzyt group, methoxybar^zyl groups methytthiobenzyl groip. ethoxybenzyl groip; ett^lih- 
lobenzyl group, piperonyl grotp. methoxycarboriyfmettiyl groups ethoxycafbonylmetriyl group, n-propoocyoarbonylmBthyi 
group, isopropoxycarbonylmelhyl groip. n-butoxycarbooylmathyl groups and t^ukBcyculionylmetbyt gnxp. 
(00181 OBvon as epocVic examples of the abomnentioned 1 -subslHutad elhyl groups are a l-methosyet^ group* 1 * 
methyKhloettqfl group. 1.1-dimethoKyelhyt groip 1-ethoxyetttyl group, l^ettryttNoethyl group. LI-dlettioKyeOvf Oroup. 

10 1-phen o xyettyl group, 1-phenytthioelhyl group, 1,1-dfpherwDcyethyl groups l-benzyloxy«thyl group, i-benzytthioethyl 
groLf). Kycloprapylelliyl group. 1-phenylethyl groups t.1-dphenylethyl group. 1-mothoxycmboriylethyl group, l-ethox- 
ycarbonylettiyl group. l-n-propoKycarbonylett^ group. l-isopropoxycaftuMiyfethyl group, 1-n-butONycart)ortytelhyt 
group, and l^t^oxycatbonyl^tiyl group. 

[00191 <3iv6n aa specilic exarnples of the above-mertiioned 1«brarvhed alkyi groups are an teopropyl group, sec-butyl 

f5 groip. t-butyl groipL l.l-dimethy^opyl group, l-methybutyl groups and 1,1-dlmetylbutyl group. 

[0020] Qlven as specie exarnpfee of the abovB-fnent»ned sHyl groups are trimelhytsilyl groip, ethyldimethylsjlyl 
grotp. methyldiethylcllyl group, trtothylslyl group. IsopropyMmettvylsHyl group, methytcfiisopropyteilyi groyp. trisopro- 
pytslyl group, t-butyldimelhylsilyl groups methyf-cfi-t-tautylsllyf groups tri<^-butyts9yl groip. phenyldirDethylsSyl groups 
methykf phenylsilyt group, and b^ertylsiyl group. 

20 [0021 1 Given as specific examples of the abave^nerrtloned gemiyl groips are a MmeBiylgerniyl group, ettiyldimeth- 
yfgermyl groups mettiyldlethylgennyl group, trieltiylgormyl group, isopropyldimethylgemiyl groyp. methyl-di-isopro- 
pylgennyl group. triiSQpropyfgennyl groip^ t-butyldimettiyigvnvt gn>up. methyl<IK-butytgenTvl grayp^ trf-l-bulylgeniiyl 
group, phonytdmeihylgeniiyi groups methyUfpher^germyl groip and irfphenyigem^ group. 
HWai Given as specific exampiee of the above^nentSoned alKoxycarbonyl groups are a methocycarfbohyl groups 

M emoKycaibon>( groups ieapropoNycarbonyl group, antft-butoxyoa^ 

10023] Given aa specific nmplea of the above-mentioned acyl groups are acetyl groups propionyf groi^x butyryl 
group, heptanpyl group, hexanqyl group, valeryl gioupi pivaloyi group, isovaleryt group, lauroyi groups myristoyi group. 
palmHoyI group, stearoyi group, oxalyl group, malonyl group, sucdnyl gnouix glutaryl group, ad^Myl group, ptperoyi 
groiip, suberoyi cro^ azdaoyl group, sebaooyi gtOLp, acrylcyt group, propioloyi groip. melhacryioyi groups crotonoyi 

90 grouPi oleoyi group, maleoyl groi^^ tumaroyi group, melhaooncyl groi^). camphoroyl group, barizoyt group, phthalc^ 
groi^a, IsophthaloyI grouPL tetephthatoyt groups napMhoyI groups tduoyl groups hydroatropoyi group, atropoyl group, cin- 
namoyi groif), turpyl groups thenoyt group, nicolnoyi group, isonlGoBnoyl group, p-tduenesuHonyl groups and mesyl 
group. 

[0024] Further, given as specific examples of the above-mentioned cyclic acid-decomposable grotps are a cyctopro- 
M pyt firoup, cydopentyl group, cydohexyl group, cyclohexenyl group. 4Hfn^hQKycycloh8Kyl group, tetrahydropymnyl 
groyp, tatraliydrofuranyl cToup. tetrahydrolhlopyrariyl group, tetrahydrothiofuranyl group, a-bromotetrahydropyrar^ 
groifii 4-methaxytebahyclropyTanyl gnoup. 4-meirwxytetrBhydrothiopyrartyt grcxp. and 3-telrahydroOiicphene-1.1-diox- 
ide group. 

(00251 Among these acid-deoorYposable groups mentioned, the t-butyf groip, benzyl groupi Mnelhoxyettiyl group, 1- 
40 elhoxyethyl group, trirnethyisilyl groups t-butOKycaibony(methylgroM3.t^ 

letrahydrothlopyranyl groups tetrahydroihiofurBnyl group, and the fito are prefarredi 

[0026] The inclusion rate of an addstecomposable group In an aoid-deoompoBable ^oup-contdnlng resin (le. tm 
ratio of the ruirrtber of addkleoomposable groups to the oorUned nuiriber of addie fundlontri groi^ and acid-decom- 
poeabfe groups contained in an adddeoompoaable group^oonlai^ 
45 acid-deconposafale roups or tie aM-sduble resin in 

defined; hoMrever. ft is preferably between 1 0 and 100%^ and more preferably, between 1 5 and 100%. 

[0027] ITte pdystyrenft^uced weig^ average molecular weight Chereafter referred to as "IMw^. as deteriryned by 

gel pemieation chromatography, is preferably between 1,000 and 150,000. and more preferstiy, betvraen 3,000 and 

100.000. 

50 [002g] An acid-deoorrposabiegroup^ntainingrestn can be prepared, lor exanple. by iri^ 

decomposable groups Into an aliali-soluble resin that has been prepared befbrehmt, or by (co)polymefizalion of one 
or more monomers containing add-decomposable groups, or by (cojpotycondensalion of one or more poiycondensa- 
tion oonponents containing acid-deoomposable groups. 

[00291 Panioularly preferred as the acid-decompoeable group-oontaining resin for the positive tone resin coirposilion 
55 is a resin prepared by replacing a portion of the hydrogen atoms belongb^ 

rene) with the aforementioned acidHJeconiposabie groupe. and also a resin prepared tiy replacing a portion or an of 
tiydrogen atoms belonging to the tvdroxyl groip andtor carbojqrl group in a oopoiymerizaiion product of hydroovstyrene 
and/br hyctay^cHnettqrlstyrene and (fneth)aciylic acid with the afbrementioned add^laeoivipQsable groups. 
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POSQ] An acicl-d«oonipo8able ot^UP-conted ning resin also has a characteristic of oontroliing the alkaK sdubiGty of an 
aDafi-eolUbla resin. R functions by deoomposing in the presence 

{ng the alkali aoliJbf lity. or to otherarise tooflitate Ihe allcali eotubitlty of said alhall-eolubla reain, and theretore fala In the 
category of Ihe component (A) (b) in the positive tone resin oonposilion. 

[0031] In the positive tone resin composition, as a partfcutarly preferred acid<leooinposable group-conlatning resin, 
for example, a landom oopdymer or a block copolymer represented by the fblowing foimulae (1 ) or (2) can be iner>> 
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S5 Wherein and may be Idenilcar or different, or a plural or a piural R^ may also be idsrrtical or different when 
there exists more than one and R^, and indicate a hydrogen atom, methyl group, or ethyl groip; R^ indicates a hydro- 
gen atom, t-butoDcy group, t-butoxycarbonyl group, or t-butoxycaibonyimethyl group; a, and c are integers reprraent* 
ing the numbers of each oorresponding recurring unit and equal to or larger than 1. 1. and Q, respectively. 

r5 H 




OH 



0 

C <CH3)3 




wherein R^ and R^ indicate a hydrogen atom or methyl group. Independently: R^ indicates a tvdrogen atom. t4xioxy 
group, or -0-C(R^2-O-C{R^ in which R^ and R^ may be identical or deferent, or when there exist more than one R^ 
and R^ a plural R^or a plural R^ may also be identical or different, and indicate a liydrogsn atom, methyl group, or elhyl 
group: de. and fare integers reprea en ttfig th e fijritoers of each corresponds^ 
1. l.andO. respecthfely 

I0032I In the positive tone resin compositioa the add-deoomposafaie groifHnntaRiing resin may be used elher sin- 
gly or in an admixture of two or more compounds. 



[003S] The alloli-soliiile resin used in the posith^ tone resin composition (as the oon^nent and Ihe negative 
tone resin emposMon (as the component {€)) is a resIn containing f undfonal graupa including, tor example, one or 
more types of acidic functional iroupe 8uch as a phenolle hydrcDcyl g^ 
hencet render tie resin adubto in an alkaline developing soluHoa 
ss (00M| As such an alkali-aolufala resto, for eocample, an addition-polymerized type resin Inaveig one « more recurring 
units represented by the foQowhg formulae (3) to (5). and a polyoondensatad type resin having one or more recurring 
uhils represented bf the fONowing farrmia (6) can be mentioned: 
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-^C CHj-^ (3) 



4 



» 



Wherein R? Indcates a hydrogen atom or methyl gmip: R^' is either -CXXJH, -R"COOK -OR^'OOOH. or ■ 
OCOR"OOOH. in wMch R" indteatee iCHift. with 9 representing an integer from 1 to 4. 



Rl2 
I 



-^C CHg-)- (4) 

HOOC 



nheraln R*' mdcates a hydrogen alom or meHyloroup. 

!f H H 

— C-^ — (5) 

HOOC COOH 

30 



OH 



40 




(6> 



whermn R^^, R^^ R^^ and R*^ may idanfical or dHffereiil, and indteata ailher a hydrogen atom or an alkyi group 
having 1 to 4 cafbon aftoma 

[00361 In tie event tat the alkali-aoWe resm ta an addHkm-polymerized type reein, it may either comprea only the 
50 recurring units as represented by the atxjve^^oned fdmnJae (3) through (5). or may e^kfitionaHy oontain mher 
recurring units as tong as the resuKng restn i& soluble in an alkalma dmloping soMion. 

[0036] As tie abasra-rnenlioned other recuntig unB8» there can be mentioned, far example, ur^ts rasuUng from cleav- 
age of a pdymerizable double bond contained In monomers such as styrene. o-methytstyrene. malelc add anhydride. 
(mett>acrylonitriie. crotonitriie. maleinnitr'de. fumaronttrile. mesaoonitrile. dtraGonltrHs. itaconitrile, (math)aaylamlde. 
55 cratonamide^ rralelnamlde. tumaramlde. mesaconanfMe. dtraconamida, ilaeonamUe, vinylanllinai vinylpyridlna, vinyl- 
e-capiolactam. vinylpynoUdone^ and vnylimidazola. 

[00S7I The above-mentioned additionixilymerized resin can be prepared, lor exainple. by (oD]palymerizing one or 
more types of monomera oonaaponding to recurring uifte aa rqsresentad by the formulae (3) Ihroufllh (5) with a mono- 
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nii0r ooiTCM^)ondBn9 to tho ottiBf f wsurrinQi unit mBfUionsd sbovB. 

[0038] Tlie (eo)poiymrizBfon moliQn described above can be perlbrmed by an appropriate method such as block 
polymerization, eolufion pdymerization. precipitation polymerization, emulaton polymerizatioa KUGpeneion polymeriza- 
tion, or bloGk-auepenslon polymerization, using a suitable polymerization initiator or polymarlzatlon catalyst such as a 
6 radica) polymerization initiator, anionic pofymerizafion catalyst, coordinated anionic polymerization catalyst, and cati- 
onic polyniarizBtion catalyst 

[0039] In the event that the alioifi-soUblB resin is a potycondensated type resin, it may either comprise only recunring 

wits as represented the above-mentioned formula (6), or may addilionaDy contain other recunrino unis as long as 

the resulting reein Is soluble in an alHaBne developing solution. 
10 [004fq Such a potycon d en sa t e d resin can be prepared by (co)po >y pon de nsating one or more types of phenols oonre- 

eponding to recurririg units as represented tv the formula (6) and one or more types of aldehydes, and optfonalty witti 

another polyoondensation component that can constitute another recurring unit as the case nray be, in the presence of 

an acidic catalyst and Mrithin a water medhim or a mixed medium of 

[0041] GivenaBspeciricaxanvilesQlthBfibovB-mendonedphenolsan^ 
15 2.4-xytenol. 2,5-j^lenol, 3.4-xylenol. 3.5*xylenol. 2.3.5-trimethy^phartol. and 3.4,5-trimelhylphenat: and fomvildehyrie. 

trioxane. paraformatdetiyde, benzaldeliydei aoeto&ldehyde. propylaldehyde, and phenyiaoetoaktehyde. respectively. 

(0042] TTieooment of recurririg units as represented l^fmuilae (3) through (Q HI ft^ 

led depending upon the types of s»d other recum'ng units optionally contained and henoe cannot be uniquely defined; 
however, it is preferably I0to100mole%,and more preferably 20 to 1 00 mote %. 

20 [0043] While the Mw ol an alkatl-soiuble resin can be varied depending upon desired charBcterlstiGB of ttie radiatian 
eensitive resin coniposition of interest it is preferably 1,000 to 150.000. and more preferably 3,000 to 100.00O. 
[0044] When an alkaK^UUe resin has a reourring unit that contains cartxm-carbon unsaturationB. such as repre- 
sented by formulae (3). (6), and the liice. it can also be used as a hydrogenated compound. In such a case, the rate of 
hydrogenation is usually 70% or less, preferably 50% or less, and more preferably, 40% or less of the Gait»n<arbon 

26 unsaturations contained In the recurring unit such as those represented by fornnulae (3). (Q. and the Ite. If the above 
rtydrogenation rate exceeds 70%. the developabiiity of the atiorii-soiuUe resin with an aliotllne developing solution may 
become degraded. 

[00451 As the sdical-soluble resin tbr the positive tone resin composition and the negative lone resin oamposWon. res- 
ins main^ comprising poly(hydrcKyslyrene}. a copolymer of hydrm^slyrene and hydnaxy-oHiielhylstyreney as wel as a 
90 copolynier of hydroxystyrene and styrene are perticulariy preferred. 

pXMQ In the pofiith^ tone resin composition and the negative tone resin composition the altadi-eoluble resin mey be 
used either singly or In an adnMure of two or inore cofvipounds. 



35 

[0047] As the alkBll cSssolution eonfroller used in the positive tone resin composition (as the component (A)(b)), for 
example, compounds in which the acidic functionel groups such as phenolic hycfroxyl group, caiboo^ group, and the 
ia«e have been replaced by at least one type of acid deconfxisable group which is decomposed in the fvesence of an 
acid (hereinafter refBrmd to as the 'adddecomposaUe substituentl can be mentioned. 
40 [0048] Examples of such an add-decomposable substituent include, fbr exannple. groups mentioned earfier as the 
acid-deconposaUegiDif)sinanacld<feoomposablegroi4hcontainingre&in. namely, substituted methyl groups, 1-sub- 
stituted ethyl groups, silyi ^ups, t-branched alkyi grofss. genmyl gtsups. aikoaycailNnyl groqps. acyl groups, and 
cycOc aciddeconposable groups. 

[0049] The alloline dissolution oontroller may be either a tow molecular weight compound or a high moiecuiar weight 
49 cotrpound. Specific examples of such a low molecular weight compound include c o npo un js as repreeented by the fol- 
lowing fommlae (7) through (1 1): 



55 

wherein R^^ indicates an add^econpos^e group corrprising substituted meftiyl group, l-stixtituted ethyl group. 1- 
branched ali^l groups siiyi group, gmyl group, atotycartwnyl group, acyl group, or c^ic addKlecomposafale group. 
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whidi may be ktonlicfil or drfferent when there ensts more than one R^^; R^^ indicates an alkyi gmup having 1 to4car- 
bon atofna, a phenyl group, or 1 -naplilhyl group, which may be identical or diflerant when there exiats more than one 
R^^ and p and q are Intagereec^l to or larger than 1 and 0,reepecfh/eiy,a^ p-i-qs6. 

(8) 



ro 



wherein R^*«kI R^^ have ttie sama meanino as in thafornia (7), and A IndicBtes a single bond, -8-. -0-, -CO-. -COO- 
n . -SO-, -S02-, or ^ClPp^ilf^y. wherein and R" rray be idenlieal or different and indieata a liydiDgen alon\ an 
0mp haAio 1 to 4 oeitMn atamsL an acqil omup 
a group represented by 



wherein R^^ is the Bame as abom. and X is an integer between 0 and 4; and IX q. r, and • are intogam each eqi^ 
largarthan0.sati«^lnathBrelation6Hp8. p+qaS.r^esS.andp'i-rsI, 



V / 



(8) 



(R 

35 

40 wharetn R^^ and R^® have the same meaning as in the tbrmula (7), Pp incScatee a hydrogen atom, an allcyt gnxjp hav- 
ing 1 to 4 carbon atoms, or a phenyl group; and pl q , r. e^ t and u are integen each equal to or tauger than 0, satisfytng 
therelatlonaMpSi p-i-q 5. r+e « 5. t+u a 5. and p^^r-f t 1 , 
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to 



IS 



(10) 



wherein R^' and R^* have Bib same memino as in th» formula (7), A as in the tormula (8), and as in the fonnula 
£0 (9). which may be identical or diHierenl when there axisls more than one R^; and n q. r, s, t u v, and w are Integers 
each equal to or larger than 0, eatefyino the i wlgi i cjuJ i im p+qas, r+satS, t + uas, v+wss. and 
p-t-r-»t'«>v& 1, 



\ R^' / 

(RW0)f^¥^-(R"), 
R22-C-; 



(I 1) 



40 



A. 



whdTfiin wvi ^ hau>e the same moaning fis in the fo 
46 ordmarentwtiontKgreaxi^tBirmthanoiwR^^ 

O.sattefy^lherd&iiatthtx, p-f q S5, r-fsss. t+u as. v+wc 4»and p^t-r^t+vfe 1 . 

(P050I Tha afbramMionedl ackktooonposable group^ortabtinQ rwin may ba uaod as iha molecular welghl 

aHcifi dissolution owrtroler, for axampleL 

10051] lfithepo6itlvetDn6rBanconpoGHiorv,eaGhd1heiow^ 
so as well as «ie high moYeoutar weight alkali dissoluQon ooitroller oompounds (i^ aoU-dacornpoeable group-confaJning 

resiris) may be used either singV or in an aMxture of Im 

tlona of Ngh and low molecular weight compounds. 

Crow-linKingMwrt 

WSn The cros5*finlang agent used in the negative tone resvi conrposition <as the conponent (D)) is a corrpound 
c9pMb of oross-lnKino an all(al*heoluble resin in the presence of an acid, such as that generated t>y an exposure. 
such a cross-inidng agsnt. for example, conpounds which have one or more types of substitusnts (hereinafter referred 
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toaBlhe "crnHnMng eubstttuenb*) ttdftNino acrasftHMdno «i aOcii-solubto min can be mentioned. 

pnsai Astiecfoee-BnldiHisubBtituentBlnacm^inMnga^ 
formillae (12) ihroiiglh (16) can bt menlioned: 



(CH2)i 

^ (12) 

CH2)j 



wheraln kIseRher 1 or 2; indicalteaHhar aeingte bond, -0-, -COO or -NH- when k - 1, ora Wwilertnttrooen 
atom when k - 2; Mcalea or -S-; and i and i are integere wHh 
respectively, provided that H"1 to 4 . 

<C(FP*)(R^>yD»-rt2» (18) 

wherein Incficatee -COO. or -CO-; and may be identical or different and indicate either a hydrooen atom 
or an ail^ Qroup whh 1 to 4 carbon atoms; f^^ kutotee an alKyi groif) with 1 to S carbon atoms, an aiyl ^roup wHh 6 
1ol2caibonalon«kOranai«lkylgrw«»with7to14caibQnatoms:a^ or mora, 

-C(R^-C(RZ')(r2B) (14) 

wherein f^. and Ff'. and 1^^ may be identical or difftarem and inC^ 
1 to 4 cartion atoms^ 

^R»)(rt2^)Va{fl2»)(R»>) (15) 

wherein and R^ have tie eama meanlnoB ae in the fomvia (13); R^^ and may be Uenltoal or diferent, and 
indicate an alkylol groMp with I to 5 carbon atontt; and y is an Integer of 1 or nw 

~(c(h28) (r24)^^^^^ (16) 

wherein R^ and R^^ have the same nwarangs as in the formula (13); R?^ indicates a divalent organto groi^p tDrrnIng a 
cydio stnjQture of 3 to 8 members containing a hetero atom of eSheroxy^ suffunor nitrogen; and y is an Integer cf 
1 or mora 

[p064] Qven as iv)eciic examples fcHT such a cros5-finl(Jnosub6tituem are a g)^^ 

Qlyeidyt amino groi|x mathoocymelhyl group, ethoxymethyl groif), benzytoocymettiyl group, dlmethylaminomelhyl groupk 
diathyfaminomelhyl group, dimethylolaminomethyl groupi diethylolaminomeilhyl group. morphoSnonnaihyt group, aca- 
taxymetiyt group. banzoyloMym^ gnx^ fanmyl group, acetyl group, vinyl group, and ieopmpanyl group. 
[9055] Compounds that contain the above^enlioned croaa^inldng aubatiluenls include, for SKampla. bisphenol-A 
type epoxy corr^nd. bisphend-F type epoxy compound, biiphenal^ type epoay oompoiind, novdak rasin type 
epoxy compound, rasot resin type epoocy oonpoind. po?y(hydrQxyBtyrene) type epoxy eonrpound. methylol giotp-oon- 
taining melamine conpound, metiylol group-conlalrring benzoguanamina conpound, melhylol groupKXxitaining urea 
compound, methytol groufhaantainiig phenol compound, etocyBll^ groM>oontBining melamine compound. aKsxy- 
alcyl group-containing benzoguanamina compoundl altoxyalkyi group-containing urea compound, alkoxyalkyl gnxip- 
containing phenol compound, carboxymethyl groip^coniaming nneiamine resin, caiiraxymemyi groupKxmtalning ben- 
zoguanamlne resin, carboxymethyt groMp-oontatning irea resin, carbocymelhyl gtouFhoontalning phenol resin, car- 
boxymelhyl group-containing melamine compound. caitx>Kymethyl group*containlr>g benzoguananine compound, 
carboxymethyl gmup-oontaining urea compound, and carboxymethyl gro(4Hxintalning phenol coirpound. 
(0aS6] Pref^ed anxing these compomds oomainlng cross-linking subslfiuents are: methytol groupwitalning phe- 
nol compounds^ mathoxymethyl group^ontalning melamina conpounds. methOBcymethyl gioup-containnio phenol com- 
pounds, methoKymelhyl group-oonlairiing glyoolurii oompoundb, methaxyme%l group-ooniaining urea compounds, 
and acetaxymMhyl group-containing phenol compounds. Even more preferred era compounds such as methODcymethyl 
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0roupcantBining nriGlHiTiins oonpounds (Ix owfimpto, hSMGunsthoxyivMthyl nttl&iniWt), mfittiotymflttyl orai|i>oontBln- 
ing glyooliryl oompaund^ and rnvthoKymsthyl groivMnntaining urw compoundBi Mofhaxymathyl Qiou|MXiiilaining 
mfilamino oompowte are commercially available under the tredemari® of GYMEL300. CYMEI.301 . GYMEL303. and 
CYMEL305 (manufactured bf MHsui Cyanamid Ca, Ud.] and others; methoxymethyl group-containing giycolurH com- 
5 pounds underthetrademarliaf CYMEL1 174 (manulactured by MHsui Cyanamid Co.. Ud.) and others; and methoxyme* 
thyl group-containkig urea compoirts under the Irademaric ol MX290 (manutadured by Sanwa Chenteal Co, Ltd) 
and others. 

[0057] Furthermore, as a cross-iinking agent, such a connpaund as prepared 1^ btrodudng the aforementioned 
croes-llnking sU)6tituent into the addic functional groups in an ailoli-soluble realn to Impart the characteristics of a 

10 cross-lii^ng agent is also sUHalaie. The incluaion rale of the cross^linMng eiMituent cen be varied depertimg upon the 
type of tfie oroes-linMng siteUtiient or the alkaB-eoluble resin in wNch said substituent is Included, and hence cannot 
begenericalydefined;hovram. fttsusuaNybetweenSandeo mole%.p^ 10 and SO mole %» and 

more preffimbly, behween 15 and 40 mole %, of the total quantity of addic fimctiorial groups in the aMBfi-eoluble resin. 
If the inclusion raAe of the cioee4iitking siisfitue^ 

fff of ooat'ng retention rate, or meandering or sifeHing of the patterns; If it ta in exoeeetf 
the ail<Bl«oluble resin may become degraded. 

[0058] As the cross-OnMng agent In the negati/e tons resin composftion, methoxymethyl ^roMp-containing com- 
pounds such as dimethoxymethyl urea, tetramelhoxymethyl cAf^oluril and the like are particularly preferred. 
[0059] ki the negative tone resin comp osi tion the crosspliffia'ng agent may be used eitfier eingty or in an admixture of 
so two or more compounds. 

rm Phrtoaddfleneralor 

[0060] The photoacid generator used in the positive tone resin composition (as the component (B)) and in the nega- 
2s tive tone resin composttlon (as the component (B)) oofinprieee tw^ or more chemical compounds, wherein at least one 
of the constituents coniprises "a compound that upon esqaosure to radiation ^ 

point of 150*C or higher under atmoepheric pressure" (herekialter called tie 'acid generator (Bl)"). and also at least 
one of the constHuenta oomprfsea "a compound that upon eaposure to radiation generates an add other than a carixne- 
ylc add* (herdnafter caled the "add generator [Bin 

so [0061] In ttie present invention, tfie problems of "hano-edge roughness" or "coaling surface roughness" can be marl«* 
ediy 8t43pre88ed by using the add generator (Bl) and add generator (B2) as the photoacid generator. 
[0062] As the carfc»xylic add having a boiling point of 150*0 or h^jher under atmospheric pressure 4iat is generated 
by the add generator (81) upon exposure to radiation, th^e can be mentioned, fbr exanple. saturated arphatic carbox- 
yfic adds, unsaturated aHphalic carboxyRc adds, halogen^ontaining aliphatic cart}oxylic adds, hydroxyl groip-oontain- 

ss ing aliphatic carbcxyiic acids, alkoxyi group-containing aliphatic carboxyBc adds, keto group-containing dishatic 
carl)oo^ie adds, aldehyde group-containing aliphatic cartxxxytic adds, alicydic structure-containing aUi^iatic cartxixylfc 
acids, aromatic ring-containing conjugate caibcxylic adds (i.e. cart)0Ky6e adds wherein the C>0 group in the caitoxytic 
group and the double bonds in the aromatic ring have a corjugaling rdationship]. and aromatic ring-oontaining noi^ 
conjugate carboocylic adds. 

40 [0063] In the positive tone resin conposition and the negative lone resin conpodtion, the combined use of such an 
add generator ^1) generating a carbcxyic add having a bdUng pdnt of 150*C or higher under atmospheric pressure 
and another add generator (B2] that generates another add enables the fomnatlon of resist patterns that are particu- 
larly excellent in pattern profHei 

[P064I As the p r eftored add generators (B1)» for axanpie* (a) onlum salt compounds of caiboxyttc adcta as repre- 
ss senled by the idtowing formutae (17) through (80) (herelfiafter caled 'add generator (B1-a]1, (b) caitxxxyimide com- 
pounds generetted in a dehydrafion-condensation reaction l)elvraen hydroxyintide strudure'containing oonpourvls and 
cartxxxylic adds as rep^esemed by the fottoaAig fonrndae (1 7) through ^0) hereinafter called "add generator (Bl -b)"), 
and the lilce can be mentioned: 



65 wherdn indicates a linear, branched, or cydlc alkyl group having 1 to 20 carbon atoms; a linear, tyanched, or cydic 
akenyl group having 1 to20 cari!)on atoms; a linear* branched, or cydic ailonyl group having 1 to 20 carbon atoms; a 
Khear. branched, or cydic alkaxyi groip: a group wherein at least a part of tie hydrogen atonw in the da^^ 
al^ {ro^> bas been replaced with a hdogen atom and/or hydroxyl youp; a groip wh 



so 



0 



(17) 
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gen atoms in the i*>OMe-mentionecl alkenyt group has been rsplaeed wtti a haioQen atom and/or hytocyl group; or 
eHheraatotHutadornon^ubtfihtad 



(18) 



f5 




to wherein his an inisgsr torn 2 to 6b 



0 0 

> e. U 

HO-C-R*S-C"OH (19) 



0 0 
20 HO-C^r38-0-R88-C-OH (2 0) 

where, in ttie Idrmuiae (19) and (20). indicates a iinear. braiKhed, or cydic alkytene group havir« 1 to 20 carbon 
atoms; a Dnear. branched or c^cic alionylene group having 1 to 20 caibon atoms; a group wherein at least a part of 
SB the hydrogwi atoms in the above-mentioned alltylene group has been replaced with a hsiogen atom and/or hydmxyl 
group; a group wherein at least a part of the hydrogen atoms in the abovennentioned aUonylene group has been 
r^Bced wWi a halogen atom and/drhydroxyl group: or an athoxyalkytene group having 2 to 20 carbon atoms: such 
groifie may be identical or different whsn there eociste more than one F^. 

ao 0 0 

U I 
r8Z-C-r83-.C-OH (21) 



35 

0 0 0 
r32_C-r88-C-r83-C-OH (2 2) 

40 

where, in the tormUUie (21) and (22). 1^ has the same mearwig as in the tonnula (1 7); has the same meaning as 
in the tomnula (iq which may be identical or different when there extsts more than one R^, 

45 



SO 



ss 
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t 



OH 



(r84)/ 



(2 3) 



to 



15 



(rM); 



-r83_c-OH 



(24) 



where, bi fwmuiae (23) and (24). R^. wMch has the same meankig &s in the formula (1 7), may be identical or dlf- 
ao ferenl when there exists more than one P?^\ has the same meaning as in the formula (19); R^. ¥i»hich Indicates 
either a hydraxyl groip or a halogen atom, may be identicai or different when tfiere exists more than one R^: and m 
and n are Integere from 0 to 3 satisfying the relationships m -i- n s 5 , 

iR\. (R«)„. 



(R% 



SO 



>^_C_rS8-c-0H 



(2 5) 



whero'n R^. nMch has the same nwaning as in (he torniUa {1 7), may be identical or dHliKwit when there endsls more 
than one 1^; has the same meaning as in the forrmila (19): R^, which has the same rneanti^ as h 
(23). may be Ktenfical or diflarent when there edsts more than one 1^ ; and m. n, nf, and n' ani intao«m tmm Q to 9 
saiisrying the lebrtlonshlps, m + n s S and m' 4- n' s 5 , 



(2 6) 



«4wein 1^ has Via same meaning as In the tormulB (17) and m is an integer f mm 0 to a. 



so 



ss 



(R^ 

(r"); \r\-c-oh 



(2 7) 
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wherein R'^, which has the same meaninfl as In the formula {1 7) may be idenfical or liferent when there exists more 
•on one F^; has the eame meaning aa Inthefomwia (19): P?\ which hastheeame meanlnoasin IhetormUa 
(239. msv be identical or dlflerent when thare exfate more than one ri^ : m, n. m'. and n* are Inteoeis fKom 0 to 3 eafe- 
fylng the relalionehipa, m 4- n d 4 and m* 4i 3 ; and z is either 0 or 1 , 
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0 

i 

,-C-OH 



(2 8) 



(5 



to 



/ <R'») -C-OH 



(2 9) 



where. bi the lormiiae (28) and (29). f^^ which has the same meaning as In the formula (1 7). may be identical or drf- 
larent when there exists more than one R^: has the same maaning as in the (brmuia (19); R^, which has the same 
meaning as In the foimula (23). mav be identical or dHlerent when there exists more than one R^ ; m. n. m*. and n' are 
InlageretromOtDaaatislyingtharMionshlps. m + nis 5 and mr4'n's4;andziseltherOor1. 



90 



35 



(3 0) 



R 



<R«^,-^C-OH 



40 



wherem R^. which has the same meaning as in the formula (17). may be identical or differem when there exists more 
than one R?^ : R^ has the same meaning as in the formUa (19); R^. Which has the same meanino as in the fommla 
(23). n«iy be identical or different when there exists more than one R^ ; m and n are Integers ^ 
ralaiionshlp. m<f ns4;andzlseflherOor 1. 

[OQSq As particularly pretared acid generators (Bl-fl). far example, 1^^ 

nkjm salt or diiphenyfiodonium salt or carbOKytto acids 88 repress^ (17) through 

(8Q;6ultonlumediB8uchaBtrfphenylsUfonium88ltar^^ 

resented by asid Ibrmulae 0 7) thiouflh (3Q). and the Ghe can be mentioned. 

Vmn specific exan^es of such iodonlumselts and suHMum salts M 

lowing formulae (31) through C36): 



50 



65 
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<CH8)jC-^-I+-^-C <CHa) 



(3 1) 



«C00" 



" CHsCCHg)^ COO" 



6 



40 



A) 



55 
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to 



15 



ao 



40 



& 



{CH8)jC0-^>-S+ ^h)-COO- (3 4) 

6 




CHjO-^-S-*- ^-CH2C00" (3 5) 



OCHj 




COO" 



(3 6) 



[D067] FurthermGre. partioiarly preferred aod oenerators (Bl-b). tor rampla are dehydration-condensation prod- 
udB generated between carbcsQrIic adds ae r^preeented by the ebove-menBoned fDmnulae (17) through (30) and com- 
pounds such 88 N-hydrDKyBUOdnlnrida. N-hydlrocy^htaliralde. N-hydraD^dphanylmalelmlde. N-hydraxyb!cyckH2.2.1)- 
4S hepl-5-ene-2.3*dicafbaxyirnide, l^lvdraKy-7K«abi«^io-|2.2.iphcpt-5-en^ N-hydroocybicydo- 
[2.2.l]'heptan»^&<»y-2.3*diGaibQxyimide, N-^iydraivnaphttiyliiiidei and the Hie. 
[0Q681 Specirice)cafT^esofsuchdehydrHtion-oonden8alionprod^ 
lowing formulae (37) through (40): 



60 



55 
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(3 8) 



(39) 



(4 0) 



[0069] These acid generators (B1) may be used eHher singly or in an admixture of too or mora compounds. 
tOOTQ] Next, as tha add generaitor (BZ), co m pounds that upon sKpoaura to radiation generate auHonic add ancVor 
auVlnlc add are preferred 
40 [Q07I] Usted hereunder In five rnaforgrouplnBs are examples of 6^ 

(D Omumaaft compounds: 

(OOTQ Ab orrium salt compounds, for example^ lodonium aalts. sulfbnium salts. phoGphonium salts, diazonium sails. 

48 ammonium salts, or pyridinium sails can be mentioned. 

[D073I Speoffio examples of onium salt compounds indude bis(4-t-butyfphervl)wGlonlum perfluorobutanesuNbnale, 
bis(4-t-4xjty1phenyl)todonium trifhjoromethanasUitQnate. bis(4-t43ufy^en^Iodonlum pyrenesuNonate. bis(4 t-fautyl- 
phenyQiododum dodecylbenzenesulfbnate. bi8[4-t-butytphenyl)iodonium p-tohi^ssu^ale, bls[4-t-t)ii1y^nyl)iodo- 
nium benzanesumonatei bi8(4-t-butylphenyOiodortium 10-cannplK)r6ulfbnate. bi8(4-tHxrtytphBnyj)iodonium 

50 octanesulfbnate, bis(4-t-43utylphenyQiodonfum 2-trHluoromethylbenzene6Uffonate. diphenyflodonMn p&fluorobu- 
tanesutkmats, cfiphenytiodonium trifluorometfianesullbnate, diphenyfiodonium pyrenesuKonate, diphenyfioclonlum 
dodecyberaene&dlonate. dphenyiiodonium p-tqluenesuKonate^ diphenyllodonlum benzenesuHonate. d phenyiiodo- 
nium 10-canphorsultonate, dlphc^iodonium octanesuHbnate. dphenyiiodonium 2'trifluoromethyt>enzene8uirbnate, 
tripheriyfsuHbnium perfluorobutanesuHonatBL trphenylsulfbnium triRuoromelhanBSultbnatei triphanylsiiHbnium 

fiff pyrenesJtonate, triphenyteitonlum dodecylbenzenesuHbnata, triphenylsiifbnium p-tduenesuHonata. trlphenyisuHo- 
nium bemenesuHonate. triphenytsulfodum lO-camphonsujfonate, WphenylsulfcHiium aclanesuHonate» 1rlphenylsuHo> 
nium a-trtfiuoromethytoenzenesulfonate, 4*t4Hitylphenyl-d'|)hBnylsijlfanium perfluorobutanasuttonals, 4-l-tutytphenyl- 
dphenybuMonium trifluoromethanesuHcnats. 4-t-tutQxyphenyl-dlphanyl8dfbnium pyrenesuHbnate. 44-butoxypher^- 
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cfiphenylsuKbnium dod«cyibanzwi«suH6natft. 44Ht)UaKyphariyl<lipti6ny1sulfonium p-lduenesuMbrurte, 4i43utaxyph»- 
nykiphflnylBultonUim lMnz«ne6iM)nate, 4449UtSK(yphenylKjiphenyteui^^ tO-camphorsuifOnate. and 
phenyl-dlphenylsulMiim octanesuNonatte^ can be manlioned 

5 ® Sulfona compoundft: 

[0074] As suKone compounds, for example, p^ketosuMones, f^-sutfonylaufones and their a-diazo compounds can ba 
nientionad. 

lOOTq SpecWc ocamplea ot sutfone compounds include |)henacylphenyl6uiione. masitylphanaoylsuttone* bi8(phenyi- 
to 8uHw^)mefthane. 4-trisphenacyl8i^e, and the Kke. 

(3^ Sulfonate coiTipourtds: 

[007$] As sutfbnate compounds, tor exafipie, aikyi eulfdnates, haloalkyl sulfonates, aryi sulfonates, or haloaryl sul- 
fa tonatescanbementionad. 

[0077] Spedtcaxairples of sulfonate compounds include benzol 

pynogalbl mathanesuRbnlc acid trlester^ nltrobensyl-QJ0<liethO3^nihmene-2-sultonate, o-methyloibenzoln tosylase* 
o-methyloibenzoin odanesuHbnate, a-methyblbenzoin dodecylsuHonata, and the Ike. 

so ^ Sulfbnihfikle compounds: 

[0078] As suHbnimkle compounds, tor example, those wMch are represented the formula (4 1) given belowf can be 



O 

II 

,Cy 0 

X N-0-S-R*5 (41) 
H 

0 



wherein X represents a (fivatent group autih as an alkytene group. ar)<ene groisx or aikoxylene grot4)i and repre- 
sents a rmnovalent group such as an alkyi groups aryl groip, halogenated alicyl group, or halogenated aryt groi^ 
[0079] Specific examples of suHbnimide compounds include, N*(traiuQron)dthyi&uttonylQxy)succinlnide. N-(1riftuor- 
ofnethylsuHonylOKyk)hthaJimide. N-^uoromethylsuHbnytoxy^c^hdnylinalBimide. hK^iuoromethyisuKonyloxy)- 

40 t^cydo-(22.1]-hept-5-ene-2.3-dicarfoaxyimide. N-(lrifluoromethyl6Ulfonyk»^)-7Knabk^ 

dtoarbos^imide. N-(trifluoix»methyt8UlfbnylOKy)-bicydo<2.2J]-hept^ 1^ (perfkiOFobutyt- 

suHbnyk8cy)napl!thyMde. rf(perfluofobiityi8ulfonyfoxy)8ucctrt N-(perfliiorobulylsUfbnykxxy)ph^ N-tper- 
fluorobutyteulfDnytoKy)d4)h^ N'<perfkiorobutytsultonylGKy)-bicydo-t2.2.1>hepA-5-en^ 
tnnide, N-(perfliionbu^uHonytoxy)*7H»BbicycM2,^l]4^ N-(perfluorobutylsultor!y« 

45 l0K^i^clo^.2.lHwpt8ne-5b6W'2.3*dicart^^ N*(perfluorobulylsultanylGDv)naphthytimide, N-(caifiphofSUI- 
1bnyioKy]sucdramjde. N-(caiTV)horsuHonytoKy]plittialiiride, NKcarnphoradfonylOKyJi^henylrnaleini^ N<(G8inphor- 
sulfbnyia9y)4)teydo-t2.2.l>hept-5^e-2,3<dk»it)tt^^ N-(caiYiphdr6ulfDnyloxy)-7<^ 
2,3Kticart»ovimkie, N*(canphorsultonylaxy)*bicyclo-p.2.1}-heptane^6<ixy-2.3<ti^ N-(cannphorsutfony- 
toKy}naphthyfimkle. N-(4^methyt}henylsuifonyiaxy)BUCdnimide. hH4-niethy|phenyl6UfofiytoKy)phlhalimk«e. hH4HTieth- 

50 y^eriylsultonylaxy)diphenylmaI^nM6. N-<4-mediyiphenyl8uifQnylaxy)-bicyckhp.2.1>hept-5-ene-2,3<^ 

NK4-methylphenyteytonyk)Ky>-7-oo(abk:yclo*[2.^1]-h^ N-(4'methy(phenylsi^ykia^)- 
bk^ck>-[2.2.1]-heptane-5.G*0Ky-2.3-dk»tboxyin1kle, N-(4-methylphenyl6ultonylox^naphthyliiTMe. N-(2-triftuorofnetr^- 
phenyl6Ultonyioxy)8uodhimide. hK2-trHiuoromethy1i3henylsulfoiVtoxy)phM r4-(2-trinuoromettiylphenyl5uttony- 
toxy^diphenylmaleimkie. N-(2-trifluoromethylpher^6Ufonytoxy)-bteyctoH2^.1]4iept-5-ena-23-di^ N-(2- 

55 trifluoromelhy^henylsulfony1oxy)-7-axabicyctofS.2.1]-h^ N-[2-trifIuoromethylphenyteulto- 
nyl0Ky)4Mcycto-|2it1]-lieptime^6<My^2,3<iicaf^ N-(2*triftuoromeltvtpheriyl8ultonyk^)naplithylinvde. N-(4' 
fluorophenylstifonykn^uodniiiBde. IH'^luoropheriylsiifonytCBcy)phthainriU N<4^fiuorophenyt6uHbnylaKy)dipheii^ 
maleimide. ^l>(44toorophenyi8titonytoxy}^cyckhp2.1]-hep^$«e^ N^(44luoropheriylBUl16ny- 
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IOKy)-7-oxabicydoH2^.1]4i8phS«n«-23-cicaib^ NK44iuoroph6nyl8utfbnyk»^^ 
cixy-2.3KScartKKyfmide^ ^H4-fluorIlph8^yteulfon/tox^ naphthySmida, and Ih9 Ite 

<5) DIazoimthane eompounds: 

[006Q] As dazometfiane compounds* for example, those whkdiar^ 
l>e mentioned: 

0 NoO 

R»^S^C-S--R^ (4 2) 

II II 
O 0 



wherein R?^ and ft^ may be ktentical or cfiffererrk and indlcale a monovalant groip such as alkyt group, cycloalkyt 
group* aryl 0oup^ halogenated afl<yl group, or hatogenated aryl group* 

[0081] Specific examples of diazomelhane compounds Inctude bi8(trffluoromethylsulfbnyOdlaromethane. 
bis(cydohexyl8u!forqi)diazonrt^^ bisGphenytsuHonyQd^zomethane, bMP^uenesulfbnyQdUaomethane, methyl- 
eo sunbnyl-fhtDluenesutlonyldlazomethane, 1-cydohex]^lfonyl-1-{1,1<iimaihyte!hyl8Ull^^ bis(1.1- 
dimethyleihylsiitonyq dia^methane. and Ihe fike. 

10062] Furthermore^ particularty praferred acid generalofs (B2), tor example, ere bi8(4*t<l9Uty|phenyl)iodontum per- 
fluorobulaneaullbnale^ bi8(4-l4u^|phfiriyl}iodanlum MluoromMhanasuMonate, bi8(44^binylphenyQlo(lonium p^ue* 
nesuffonatei bis(4-t4)uly|phaf^)iaddni^ lO-camphor6iilfbnate» trfphenylauHbnium perfhioiobutBnBsullbnate^ 
2s triphenylsuHonfcim triHuoromelhanesunbnate. tr^^henytetHonlum 'p^ueneeuHbnatep Iriphenylsuitonfum lO-cam- 
phorsulfonate, M-butoxyphenyl-diphenylsuKonium p^IuenesuHbnalep N-(&erinuoromelhy|9henylBullonyk)^ 
{2.2.1]-hept-S-ene-2,a<ficarboo(yimide. bislcydohexylsulfonyOdiazomelhane, andthefke. 

[0083] The abova^nentfcned add generatom (B2) may be used eHher singly or In an admbcture of two or more com- 
pounds. 

so {00B4I m the posHrve tone resin composhion and the negative tone resin cunpositton. the quantitative ratio of acid 
generalor (B1) toacid genemtor (pZ) used in a resin com p o s ition, or a [B1/B2) ratio by weight is usually 0.01 1o 5, and 
preferably 0.02 to 2. The total C|uantfty of acid gmerator (B1) and acid generator (82) used tor 100 parte by weight of 
the resin portion in the radiation sensitive resin composition of each respective invention. Is usually 0.5 to 20 parts by 
weight and preferably 1 to 15 parts by weight K the quanlKaiive ratio of acid generator (Bl) to add generator (82} used 

9S in a resin composftion. or the (B1/B2) ratio by weight is less than 0.01. the resin applied as a resist has a twidsncy to 
provide a lesser degree of alleviation for the problems of 'nano-edge roughness' or "coaling surlace roughness". On 
the otier hand, if the above ratio exceeds 5 the resbi when used as a resist wii have reduced sensitivity which ootiU 
obstruct to desired pfiltern forming. If the total quantity of acid generator (Bl) and add generator (B2) used is less than 
0.5 part by weight the cattdylto effects of add generated by an exposure may be bisuffidsnt to cause the desired 

40 ainoiiit of chenical reaction; if the quantity is more than 20 parts by weight, ooc^ 
composWon nuiy becorne uneven or a ''scum* and other imdesiraU 



AoMdIffUSlQftCQOtEQilg 

45 

[0085] In the positive tone resin oofTposition and the negative tone reeinoon^posi^ 

edd difhision controBer to restmin the add that is generated from the exposed pholoadd generator (B) from difftising 
inside the resist coating, thereby hindering undesirable ehenrical reactions occurring 'w\ the unesqaoeed area of the 
resist Use of such an add dltfuslon oontrclsr impn^res pattern profile t^ stppresdrHl the development of a visor-f He 
60 hangover partieutarly at the top portion of the pettem, as well as dimensional fidelity in meeting the critical design 
dinension. 

IPOSq NHrogeniiontalning compounds are prefOn'ed as an add diffusion oontrdler. since such compounds do not 
change basicity with eoiposure or heating treatment received during the resist pattern tomnation process. 
pxnT] Spetific examples of such a nHrogenHxmlBining compound include ammonia, trimelhylamine, trieChyiamine, 
ss tri-n-propylamlne. iriHfi-butylamnie, trt-n-pen^nAie, fti-rvhexylantine, ferl^-heptylambM^ sifl-octylambie, aniline. M- 
methylanOine, N.f^'-dimethylanilinei 2-methylanifne. 3-methytaniline. 4-methylanilin% 4-nitroanline, l-naphthytamine, 
2-naphlhylam'me,di>henylanvie. «rthylenediamine. tebamelhylenedlamine^ haxamelhylenediamine. pinrolidone. plperi- 
dine, imidazole, 4-methyllmklazde, 4-methyl-2-phenylinrtidazole, benzimidazolB, Hiiabendanle, pyridine^ 2-methyfpyri- 



18 




EPoeasaoi A1 

dina. 4-alhy^diMi Si^hanylpyridine, 4-phenylpyrkine» l-mothyM^sherYyltjyridmt. 2-(l-ethylpiiopyl)pyri(fine. 2- 
benzy|>yridinfti di>ei«^isvnlne. riboflwin tetrdxilyrale, 4,4*«diBiWnodiphenylmettianfl. 4.4*KltanirKXiiphenyl other, 
4.4*-<liantinobQnzophenono. 4,4'-diBntlnodlphenylamlne, 2,24)te(4^aii ilno pher y l)proi»n^ 2*0-Qminoph8nyl)-2-(4-ami- 
ncphenyOpropano, 2-(4-anrtino^6nyl)-2-(34iydraxyphtnygp 2*{4-aminophenylV2'K4-hydrajw 
5 1 .44316(1 -(4-QrrenophenyO-1-rnethylelhyqbonzenQ» 1,34}i6[H4-eminGphenyO*1-molhylel}^ and tie like. 
[0088] Particularly preferred amortg the abomnentioned add difllieion ccntroiiere are trf-rvtxJtytevnne. tri*n- 
pem/temine. tri-rbhe)^amin». trl-n-heplytamina. tri-n-octylainine. N.N-dimeViylanirmep benzimidazole, 4-phenylpfyrid* 
ine. 4,4'-diamlnodiphwiyi ether, nicotinic ackJ amidei and the like. 

[0CB9] The add diffusion controler may be used either cingty or In an edmbeture of two or more connpounds. 
10 [0090] WhietheanmMnloffaciddiffuBioncofitronertobeuMdvarieedipending^ 

theaddoeneralDr(B1)arid/brecidoenerator(B2).l|ieuitMlly10pa^ laee, and preferably 5 parts by 

weight or leBSi li proportion to 100 parte by weight of the redn portion In the radiation sensitive resin oonposWon or 
each respective invention. H the qMantity oTIhe add diflUslcn controler used exceeds 10 parts tv weight resiet sensi- 
tivity or the exposed area devetopefcilily tend to be degiaded 

15 

Surfactant 

[0091] Further, in the positive tone resin compositton end the negative tone resin compoeition. surfactants may be 
compounctod to improve coatablity, siriation control, or the radiation sensHrve re^ conrpositbn developabBity. 
so 10092] As euch a surfactant, any antonlc. cationic. nontonfe. or ainphdHic type eurlactant can be used» whie the non- 
ionic type is praferred among those mentioned. 

10093) Specific examples of nonranic surfactants indude. in addition to those generk»lly lonown as polyoxyethylene - 
higher aii^ atliers. pdyoxyelhytene - higher alkylphenyl eltiers, and polyethylene gtycd - Ngher fatty add diesters. the 
product series commerdally loiown under the trademarks of KP Cmanutectured by Shin-Etsu Chemteal Ca. Ud.}, Poly- 
ps flow (manufactured by Kyoeisha Chemical Co.. tid.). £F Top (manufactured IbhKem Product Ca. Ud.). Megatac 
(manufactured fay Dainippon Inlc & ChemiGals, Inc.). Ruorad (manufactured by Sunnitomo 3M LM). Asahiguard and 
SURFUON (msNifadured by Asahl Olass Co, LH). and the Ilka. 
[0094] Theaeaurflaclanlsnny be used eiltiBrslnOiy or fa an admixture or two or 
(009q Theamounlofsurlacfantstobeadded.intern»ofadivelngrediem,fausuallyupto2perlBb^ 
w parte by weiOht of the total resin portion in the radfation eensilive resin compodtlon. 

Pl 7( > HQserisrtizer 

[0096] Furthermore, in the positive tone resin oompodtkin and the negative tone resin cornp^ 
95 may be additionaly compounded. Such a photosensitizer functions to absorb the radiation enorgy and then transmit 
such energy to the photoadd generator (B). thereby Inaeasing the amoum of add generated by eKpoaure^ which in turn 
improves the apparent sensitivity of a radiation sensitive resin composHion. 

ni0971 ExaiTfiles of preferred photosenslizers include acetophenones, benzophenonee. naphthalenes, biacetyl. 
eoslne. Rose Bengaie. pyrenea. anthiacenee, phenolhlazines. and the Kke. 
40 [0098] TtiearnouTTt of ph o to s en s itizers used is usually up to 50 parts by w^CW and prefers^ 
for 100 parts by weight of the total resin portkm In the ladiation sensitve resin composition. 
[0099] Additi(Kialy.theinclU8lQnofdyMor^lgmentt 
that the Mluanca ol hatalion aft the tima of exposure is mtnirnized Use of an adh^ 
elonwIthsUbstraleB. 

4$ [0100] Other addltivee such as halation preventives. Storage Stability Invrover^ 
epedficaly. ooinpounds such as 44iydroKy-4*-iiiethyidiBlcone may be induded as welL 

Sgt^fiQtB 

so [0101] At the lime of appficatlon. the positive tone resin cornposition and the negatived 

pared as a composition sdution tiy homogeneously tfssotving the compodtion into a solvent so that the tofal solids in 
the preparation are S to 50% by weight, and then passing it through a fatar having, for example, a pore diameter of 0.2 
lim 

[0102] As the abovamentioned solvents, lor example, ethers, estarsi ether^esters. Iwlones. Ketone-esters, amideB, 
SB amUoesters, laotama, factonee, (halogenalecQ hydrocartaons ard. more epeclllcaily. ettiylene glycd monoailqrt elheis, 
dielhylene glycol dfall^ ethers^ propylene Otfcol monoall^ ethers, propylene glycol cf allqfi etherik acetic add e ete rsi 
hydroxy acetie add esters, fadio acid eeteis, ethylene glyod TO propylene glycol morvail<yt 

ettier acelataa. aHanyacetic add esters, (non)cydic ketones, acetoaoeHc add esters^ pinmcadd esters, propionic edd 
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«8l«r8» N.N<ialkyl formamideB, N.NKi8l(yl acaloamideB, IMIqrl pyrroBdones, y •tadones, (halooaiiatecO al^tie 
hydiocaitxm (Mogonatod) aromatic hydrooariaons. and the like can be mentioned 

[0103] Specific examples of such a eolvent Include ethylene glyool tnonomethyl ether, ethylene glycol monoethyl 
ether, ethylene oiyeol monopropyl ^er, ethylene glycd monobutyl ether, diettiylene glycol dimethyl ether, dielhylene 

5 glyool die^ ether, diethytene glycol d^ropyl ether, diethylene glycol dfet^ ether, mett^l celiosolve acetate^ ethyl eel- 
loeotve acelata propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glyool 
mcnopropyl ether acetate, Isopropenyt acetate, isopropenyt propionate, toluene, xylene, methyl effiyl ketone, cydohex- 
anone^ 2-heptanone. d-heptanone, 4-hManone, ethyl 2-hydrQxypropionate, ethyl 2-hydroxy-2*metfiylproplonate, etfiyl 
ethGQcyaoetate. elhyl hydcxyacetate. methyl 2-hydroxy-3-meihyl butyrate. 3-methQxybutyl acetate. S-mettryl-S-methoxy- 

10 ixjtyl acetate. 8-meOiyl-3-methoxytxrty1 propionate. 3-methyl-3-methoKybutyl butyrate, ethyl acetaie. propyl acetate, 
bu^ acetate. meChyl aoatoacetete, ethyl acetoacetatei methyl d-methoiqpropionateL eihyl 3-melt)Oxypropionale, 
mettyl a-e t hoxypmpta na tB, elhyl 3-elhcBcyprapionate, N-melhyl|pyrrolidone, HN-dlmethylforma mi de. N,N-dlmettiyl aoe- 
ioamideb and the Ilea. 

C0104] Among the eohrenta mentioned above, a-hydraxyproptonic acid esters, 3-BlkoKyproplonic acid eBtere* pro^ 

IS ene glycol monoalkyi ether aoetateSb and iheKke are prefm 

[01 05] The idsove-mentioned solvents may be used either singly or In an admixture of two or more types, 
[9106] AddlttonaDy, one or more types of Wgh-boitig solvent such as benzyl ethyl ether, dihexyl ether, dlettiylene gly- 
col monomelhyl ether, diethylene glycol monoethyl ether, acetonyl acrtone, isophoronei caproic acid, caprylic acid, 1- 
odanol. 1-nonanol. benzyl alcohol, benzyl acetate, ethyl benzoate. dletfiyl oxalate, diethyl maleate. r^su^actone, 

20 ethylene caibonate. propylene caibonate, ethylene glyool monophenyl ether acetate end the like may be opdonelly 
added Id the above-mentioned solvent. 



26 10107) Ibfonn a resist pattern using the positive tone resin compositional 
conv)ostton solution prepared as deecrlMd in the above is appM 

ahjminum coated walSer. with an appropriate method such as spin coaino* cast coating, or roll coating to form a resisi 
cooling. The reeiet coating ta hett^reatad in aAmee (the pr« 

Is exposed to radialion through a desired mask pattern. Radratlon that can be used for the exposure ie preferably far 
90 ultraviolet raye such as a brighHine spectnim of mercury-vapor Kght (wavelength: 254 nm], an ArF excimer laser beam 
(1 93 nm) or a KrF weinwr laser beam fSl4S nm). X-rays such as synchrotron radiatkm or charged partide rays such as 
an electron t>eam may also be used, in accoidance with the type of ackJ generator (B1) and /or add generator (B2) 
used, f^ess condHions such as the exposure dosage are also selected as approfviate based on the formulation of 
the radiation sensitive resin oompoeition and types of additives used. 
X [Oira] In the present invention, it is preferred to perfbnn a heat-treatmem after ejq^oM 

after called "PEBl to improve the apparent sensitivity of the resist fiFm. Afthough the temperature for the heat treatmoit 
varies depending on the fonnulation of the radiation sensitive resin composifion and types of additives used, it Is usually 
30 to 200'C. and preferably 50 to 1S0*C. 

[0109] The eKposed restet f im Is then developed vsk)q an alkQilne developing soluttan to obtain the desired resist pat- 
40 tem. 

[0110] For such an alkaDne developirHi sohitwn mentioned above^ for exanple, an ac^ieoue OIkaline solution is pre- 
pared and used wth at least one type of alkaline conpound euch aa alkali metai hydroxMeSi aqueous ammonia, afl<yl 
amines, alkanol amines, heterocyclic amines, tetriaikyi ammonium hydkoaddes, cholkiei LSKfiazabicycIo 
undecene^ or 1j&<fiaasaUcyeto-[4.3XI)-5-nonenB^ so that the edutkm usually oonlaina 1 lo 10% fay weight or prelerebly 
45 1 to 9% by weight of these sitelances. Among the above-menttoned, tetraalM ammonwm hydroxides are partkutarly 
preferred. 

[0111] The aforementioned developing solution comprising an aqueous slkafine sdutfon may also be supplemented 
with an appropriate amount of water-eotiA>le organic solvsnt such as methanot and ettianol, and also an appropriate 
amount of surfactants. 

eo [0112] As a general praotk», when a devekiping solutton comprise an aqueous alkaline solutkin Is used, the result- 
ing resist pattern is washed with water after the development process. 

[0113] Other features of the invention will become apparent in the course of the fDltowing descrlptton of the exemplary 
entedinients whk:h are given fDr iustisAkm of the inventksn and are M 

88 gXAMPLfS 

10114] Unleee othenwise specKied, aH proportions are according to weight 

[Oil q In the examples and comparative egcamples presented hv ealter. measurement of Mw and MM^n as well as 
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evaluaAion of Mch resist are performed irter precedim oiven bekm. 

RBgdution: 

5 [Q116] Rrstaresistcoatingbuittonaeiiconewaferieexpoeedtod^ 

Mtawed by PEB. elkBOne development washing with water, and drying lo form test resist patterns. 
[0117] The resolulion of a line-and-space pattern (1L18) is defined as the smallest dimension On |im) of the resist 
pattern that can be resolved at an optimum expoauro, which is the amount of radiation energy thai can pioiecl a line* 
and^oe pattern (1 Li S) htto a 1 to 1 width ratio at tiie design line width of 0.26 lum 

10 

PflHarnprafBa: 

IQ1 1 8] Of a Ine-end-space pattern ( 1 Li Q formed on a sBicon wafer wHh a line width of 026 |im, the lower end dimen> 
eion lja and the iifiper end dimension Lb d the square cross aecti^ 
15 eleolron microscope. When the measurement sattsfies 0.86 a [Mm ss 1 . and at the same ttme^ there is no 'goudb^g* 
near the pattern bottom nor Visor near the top. the pattern profile is dele^^ 
tem profiie is Judged ^unsaMaotory". 

finatina fturfaefl muohnasfi: 

go 

[01 19] Of a line-and-space pattern (1 LIS} foniied on a silicon waf^ with a fine width of 0.26 lun. sectionaJ side dimen- 
sions of the Ine pattern are measured using a scanning type etedron rnfcroscope. When the smallest measurement of 
said line pattern, as iilustiBted in Figure 1 . Is defined as Lfei. the largest as Lout, and CLout • Un) as AL, the coating sur- 
face roughness is judged as follows based onthe AL: (Note here that the jaggedness in Rgure 1 is shown exaggerated.) 

SB 

• AL is less than 0.01 |im: Good 

• AL is equal to or nwre than 0.01 pun :f\)or 

[01201 The following components were used In examples and comparative examples presented herein: |q Positiv© 
so tone resHi Gompetiltion 

35 

A-1 : A poiy(hydraKystyrene)-ba8ed resin wherein 32 mol% of the hydrogen atoms In the phenofle hydlroBcyi gmp 

has been replaced wKh a 1 -ethocyathyl group (Mw b 15.000) 
A-2: A poly(hydroxystyrene)-based resin wherein 20 mQl% of the tiydrogen atonv in the phenolic hfdkm^fl group 

has been replaced with a t-butoxycarbonytmethyi group (Mw - 25.000} 
40 A-3: A poly(hydroxystyrene)-based resin wherein 25 mol% of the hydrogen atone in the phenoBc hydroDcyl group 

has been replaced wfth a l-ethoxyelhyi groups and also B mol% of said hydrogen atoms has been replaced 

with a t-butODtyearbonyl group (Mw ■ 16,000) 
A-4: A copolymer product of p-hydroocys^ene and t-butyi acrytate (Copolymerization mol nrtio « 5 : 5, Mw » 

12.000) 

45 A-5: A copolymer prodUd 01 p4iydioxy^cMiMt)yi8^ene,t-bu^ 
-6:2:2. MW18.000) 

Afkali-fiolubteresin 

50 [01221 

A-e: Polytp-hydropcystyrene), (Mw = 7.500) 
Aihgwdfegnhrfpnffgnt'oiiy 

a-1 : Btephend-A modfied witti bisQ-bulaxyoaibonyl) 
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[0124] 




5 BM: 


Per formula (31) 


B1-2: 


Per formula (32) 


BV3: 


Per fomuda (33) 


B1-4: 


Pw formula (34) 


B1-5: 


Par formula (35) 


10 B1-S: 


Prfonmiia(36) 


Bl-7: 


Per formula (37) 


81-8: 


Parformida(38) 


B1-9: 


Perfonmila(39) 


B1-10: 


Per formula (40) 



IS 



AcM gfflOTtQf(B2) 
[0i2q 

£0 B2-1: Triphenylsulforihjmtrffluoromethanesulfonate 

B2-2: Bis(4^4xjtyi^eriy0iocforilir)perffluort)but^^ 

B2-3: 6te(44-butylphenyOlodonhjm lO-campho^uffonate 

B2-4: N-(4-methy^henyikiforiyloxy^)apmhyfirM 

B2-5: N>(2-trmuorom0lhylpherii48ultonyloxy)-M 

ss B2-6: Bf8(Gycloh»yl6idtonyl)dla2omethane 

[0126] Asth««ciddiflusionoemlrDn«r,trMi-he^^ 
30 vent ethyl 2-hydrxKn>n3pfonatB (denoted as Y-Upv^ 
plonate (^3) was used. 

[IQ Negative tone resin conrpoGition 

36 Acid ganerator fBI) and acid ffanaratof (B2) 

[0127] ihe same conpouKfo used for [Qposilive tone resin conpo^ 

Alkali-soluble radn 

40 

[0128] 

G-1: Polylp-hydraKyaty^^ 

C-2: A copolymer product of p4iydroxystyrene and eityrane (copolymerization mol ratio - 7 : 3. Mw ■ 7.000) 

45 

Crocfi-finfciny agant 
[0129} 

BO D-1: Dtmethoxymethyiurea(underthe1rademarkof MX290manutaciuredby 

0-^2: TetramelhQOQrmethytolurl (under the bBdemarkof CYMEL1174 manutactured by Mitsui Cyanamid Co.. LU.) 

Otiier components 

ss ID130] 1lw same acid diffudonamtrollera and eoKMnb used for iqpofiHIvBtDnarw^ 
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[0131] Compa6itkm«Aitlonew9f9 prepared by unifc^ 

resin composition) or Table 2 (negative tone resbi composHion) and f Staring the aolutkm through a membrane filter hav- 
5 ing a pore diameter of 0^|im. 

[0132] Each composition solutbn was then spln^oated on a slioon wafer, fdlowad by P6, exposure^ and f^EB treat' 

ment under conditions given In Tabled (positive tone resin oompo&Hkin) or IWe 4 (negative tone resin composHion). 

The spin-coating q3oed vyas adjinted to control the resist coat thk:iTOS8 to 0.7 fim after the PB. After that» an alkali 

development was peftormed using a 2.38% {t>y weight) aqueous soiution of teiramethyl ammonlumhydroxide at 23*C 
10 for 1 minute* fblowed by wa^ng with p vif ied water for 30 seconds and drying to obtafti resist patterns In the end. 

[013S] TheewaluaiionresultslorExamplasandOorrparativeExamp 

compodtion} and TWe 6 (negative tana resin composition). 



Positive tone resfei compositione 




Add^deoomposabla 
graupKXsnlBining 
resin and other add* 
tives(ParD 


Add generator (Part) 


Aciu cxnusion cornroi- 
ler(ParQ 


Solvart (PorQ 






B1 


B2 






Exampiel 


A-1 (100) 


B1-1 (0.5) 


82-2(2) 
B2-3<?) 


(0.4) 


rl(400) 
r3(150) 


Example 2 


A-l (100) 


HI ^(0.7) 


BZ-0(4) 


p-1{0.4) 


r2(sso) 


Examplad 


A-1 (100) 


81-3(0.5) 
81-10(0.9 


82^(2) 


p-1 (0.4) 


ri (600) 


Exsunple 4 


A-6(10) 


B1^(0.4) 

B1-7(0.1) 


BM(5) 


R*i rii4\ 


r3(iS0) 


Examples 


A-a(ioo) 


B1«8(Q.5) 


B2-1(2) 
B2-6(5) 


p-1 (0.1) 


ri(400) 
r3(i50) 


Example 6 


A-3(90) 
opI (10) 


BM (P£) 
81-2(0.1) 


82-2(9 
82-9(2) 


p-1 (04) 


ri(600) 


Example? 


A-4(85) 
A-6(15) 


81-5(0.5) 


B2^(2) 


p-1 (0.4) 


Tl (300) 
r2(250) 


Exan^eS 


Ar$(100) 


81^(1.5) 


62^(2) 


p-1 (0.4) 


ri(400) 

r3(150) 


Exarnple9 


A«(100) 


BM (03) 


82-2(2) 
82^(2) 


P*(0.8) 


rl(650) 


Example 10 


A-6(100) 


81-3(0.5) 


82-1(5) 


P-2(0.8) 


Tt(300) 
r2(250) 


Bmiplftll 


A-3(100) 


BM (1) 


82-6(0) 


p-1 (0.2) 


r2(550) 


Example 12 


A-1{70) 

Mm 


81-4(1) 


62-1 (0.5) 
82-6(6) 




ri (400) 
r3(160) 


Examplaia 


A-5(100) 


81 -1 (2) 


82-2(2) 
82-3(2) 




ri(4oo) 

r3(iso) 
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W»1(eontinued) 



Posithro toii0 reshi cornpositions 




Acid^ecQmpo6atal8 
groq>corrtainrno 
and other adcS- 
tlve8(Pert) 


Ad(loeneralor(Par4 


Add diffusion oontrot- 
l6r(PBrO 


Solvent (P^rt) 






B1 


B2 






Conparalive 
Example 1 


A-1 (100) 




B2-2(2} 
B2^(2) 


p-1 (0.4) 


rl{400) 
r3(150) 


Coitparetive 
Exafnple2 


A^(100) 




B2-1 (2) 


M (0.1) 


ri(400) 

tQ(150) 



TWe2 



Negative tone reein conTpo8ition& 




AHcali-sotutie 
resit (Pot) 


Crose-Hnking 
agent (ParQ 


Add generator (PerQ 


Adddrffusion 
controlier(ParO 


Solvant(Part) 








B1 


B2 






Exairple 14 


Ol (100) 




B1-a(!0.4 


B2-1(3) 


fH (0.7) 


ri{4O0) 

Y^(150) 


Example 15 


C-1 (100) 


0-2(7) 


81-9(0.5) 


82^(8) 


P-1 (0.7) 


r2(550) 


Example 16 


0-1(30) 
&2(70) 


o^m 


B1-1 (o.a 


B2-6(9 


M (0.7) 


r1 (550) 


Example 17 


0-1 (30) 
0-2(70) 


D-2(7) 


B1-4(0.4) 


B2-3(4) 


P-1 (0.7) 


ri(400) 

Y^(150) 


Ex8fV|pld18 


0-2(100) 


0-1(7) 


B1-7(0.S) 


62-6(8) 


P-1 (0.7) 


Y^1(400) 
r3(150) 


Comparative 
ExBrr|4e3 


C-1 (100) 


0-2(7) 




B2^(8) 


P-1 (0.7) 


r2(55P) 


Comparative 
Exarrple4 


0-1 ^ 
C2(70) 


0-2(7) 




BM(6) 


P-1 (0.7) 





45 



5D 
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Tabl6 3 





Evaluafioneon 


ditiQne for positive tone resin oonpositions 






PB 


neuHHiun lur «wpmiH« 


PEE 






Temperature 
CO 


Tinfie 
(see.) 




*F(Bmp6rsturo 

CC) 


Time 
(sec) 


Exempldl 


90 


90 


KrF excimer laser (Wave- 
length: 248 nn4(*1) 


90 


90 


Exampts2 


80 


90 


Sameasaboire 


100 


.90 


Examples 


90 


90 


Same as above 


100 


90 


ExafTiple4 


90 


60 


Same as above 


110 


60 




110 


90 


8amee8tfxive 


110 


90 


Example 6 


90 


90 


Same asdbove 


90 


180 


ExanpieT 


130 


90 


oBrne bs sxivq 


1 Ov 


91/ 




130 


90 


Same as above 


145 


60 


Examples 


140 


90 


Sameas«bove 


140 


120 


Example 10 


130 


90 


Same as above 


140 


90 


Example 11 


90 


60 


Same as above 


100 


60 


Example 12 


90 


60 


Same as above 


110 


60 


Example 13 


140 


60 


QectrQnbeam(Acc«lerBtion 
volla09:50K»V)r2) 


140 


60 


Goinparative Example 1 


90 


90 


KrF excimer laser (V\tavB- 
length:248nm)<M) 


90 


90 


Connparative Example 2 


110 


90 


Same as above 


110 


90 



CD Wlh lha Stopping pr^iioction Aligner MocM NSR2ra5EX0aA. manutodurad by Nhon Ccn^ 
CS) Wfth a dract-writlng «lBClron beam Bttioinphy sydem 
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Evaluation oondKom for nagalivt torn re^^^ 




PB 


Racfiaiion for exposuro 


FEB 




Ibnfperatia'e 


Time 
(sec.) 




Temperetife 

CC) 


Time 
(sec.) 


Exannple 14 


90 


90 


KrF excimer las^ (Wave- 
length: 248 nm) (M) 


110 


90 


Example 15 


9Q 


90 


Sanneasdtwve 


110 


90 


Exannple 16 


90 


90 


Same as above 


110 


90 


Example 17 


90 


$0 


Same ae above 


110 


60 


Exannple 18 


90 


90 


Same ae above 


110 


90 


Comparalive Example 3 


90 


90 


KTF exdmer laser (Wbve* 
length: 248 nm}ri) 


110 


90 


Compaitttive Cxannpfe4 


90 


90 


Same as above 


110 


90 



(*l) Witti the stepping projection allgnar Modal NSR2005EX08A. manufaclUTBd by Nkon Carpi 
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-We 5 



59 



Evaluation results for positive tone resin compositfons 




Resolution Qtm) 


Psattem profile 


Coating surface rough- 
ness AL dim) 


Example 1 


0-20 


C3ood 


Good 


Exannple 2 


0.22 


Qood 


Good 


Example 3 


0.22 


Good 


Good 


Example 4 


0.22 


Good 


Good 


Examples 


0.20 


Good 


Good 


ExanrpleO 


0.22 


Gbod 


Good 


Exanpie7 


0.22 


Good 


Good 


Examples 


022 


Good 


Good 


ExBmpfo9 


0^ 


Qood 


Qood 


Example 10 


0^ 


Good 


Qood 


Exannple 11 


0.20 


Good 


Good 


Exannple 12 


0^ 


Good 


Good 


Example 13 


0.20 


Qood 


Good 


Ckxnparatrve Exannple 1 


0.22 


Poor Ll3/U< 0.85 


Poor AL« 0.023 


Comparative Exanr^e 2 


0.24 


Good 


Poor ALs 0.035 
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Evaluation resUHs for negative tone rasin oompositions 




Readullon (iui4 


Pattern prof ie 


Coating eurfaoe rougli- 
neasALOui^ 


Example 1 


0.20 


Good 


Good 


Example 2 


0.22 


Qood 


Qood 


Example 3 


0.20 


Good 


Good 


Example 4 


0.22 


Good 


Qood 


Examples 


0.20 


Qood 


Qood 


Comparative Example 3 


0.24 


Poor Lb/La > 1.1 


POorALo 0.019 


Comparative Exanple 4 


0.24 


Good 


Poor ALb 0.033 



[01341 Hie poeHive tone reeln oompoeftion and Ihe negatlw tone resin oompoation of the present invention are. in 
so addition to Mng capMe of providing excelleni reeolutlon and pattern profile, partictilarty exceflent in avoldInQ the prob- 
lems of "nano-edge roughnesa' or 'coating surface roughness'. The radiation aensitve resin compositions of the 
present Invention also respond efficiently to various radioactive rays such as ultraviolet rays^ fat ultraviolet rays. X-ra^ 
or charged partide rays, the positive tone aa vvell aa negative tone resin compositions h the present invention there- 
fore^ can be used exceedingly advantageously as chemically ampffted resists for use in the manufacture of semnon- 
as ductor devieee which are expected to further deepen fite degree of microlBhrication ifi ftitura 

pnaq CXsvlously. numerous modiffcations and variations ol tlie present invention are possible in light of the above 
teachings. It Is therefore to be understood ttiaturiINn the scop* Off the appended clain^ Iheaiventionmaybepractioed 
othendae than aa specifically deaorbed herein. 

pnsq Posifive as well as negative ridiaAionsensHive resin oomposltiorislhst, in addl^ 
so excelleni resolution arxl pattern prof ila are perticutarfy excelent in avoidmg the problems of *hano-edge roughness" or 
*coating surfece roughness". The positive type radiation sensitive resin composition comprises (A) (a) an add-deoom- 
posiMe group-oontaining resta or (b) an aUcali-sdUble resin and an allcali dissolution controller, and [Bj a photoadd 
generator comprising *a coiTpound that upon exposure to radiation generates a carboxylic add having a boiling point 
of ISO'^C or higher, and "a compomi tftat upon exposure to radiation generates an add other than a carboxylic aci^d^ 
95 The negative type radiation sensHive redn conposition comprises (C) an aloli-sduble resin. (D) a cross^inldng agent, 
and ttie component (B) as described above. 

Ctaims 

40 1. A podtive type radiation sens^ resin conixisitioncornprising: 

(A) (a) an alKai-insoluble or all«ali low^iiale resin protected t>y an add-decomposabta group end turning 
allcall-solUble when said acid-decomposable group is decomposed or (b) an aticdi-solubie redn and an ailali 
disadution oontroPer: and 

4B \a} a pnonacKi Qenemor comprising iwo or more cnemicai compoumai one oeing 9 compouna wnicn ugson 

es^posure to radiation ganeratee a carboBQflic add having a tnilin^ 
pressure and the o«her a compound which upon exposure to radiation generates an add ^ 

yiicacid. 

60 2. The positive type radiation sensitive redn composttion according to claim 1, wherein said alltali-insoluble a dkdi 
tow-soUsle rean contains an addic functional groMp of which tiie hydrogen atoms are replaced wtii one or more 
types of add-deoomposable ^oups. 

3. The podfve type radiation sensitive resin composition according to dalm 1. wherein said add^leoonvosable 
09 group Is aelecled from tie gnaip oondsting of substituted mettiyl groups, l-sUbstituted ethyl groups l-brantihed 
all^ groups* dlyl groups; germyl groMpe. alkoxycaitxsriyi groupsi atqrl groups, and cydic acid-deoomposable 
groupsw 
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4. The poGtfive type radiation sensitive resin compositrcin aoooiding to claim 1. wherein said add-decomposable 
grpup iG seleded from the group oonslsfing of t^autyi gn)^ 
and l-ethocymethyl group. 

5 5. TTie positive type racf ation sensitive resin coirposition accoitlnig to claim 1 , wherein eald allcali^tubie resin is an 
additioni»lyiTierized type resin having one or more recurring units represented by tlie Mowing formulae (3) to (Q : 

" -(-C CH2-)- (3) 



4 



Rl2 

-(-C CHj-)- (4) 



1 

HOOC 



30 



H H 



— f-C — c4— 
HOOC COOH 



(5) 



6. The poettive type radiation sensitive resin composition BOOORfng to dalm 1, wherein said compound which i4xm 
40 e)(po6ure to radiaAion generates 8 caiboxyiic add is an lodoniumsatt 

7. The positive type radiation sensitive resin oonnpcnitiQnacoordu^ 

boiing poim of 150*C a Mgher under atmospheric pressure is selected fr^ 

aiphalic cartKsqrIic acids, safturatad aHphatlc carfoooiylic acids^ halogen-containinQi aQphatic carboxylo adds, 
4S hydroxy! group-containing aHphatic cartMseyOc adds, eUttxyl groiip-oontain'iig aliphatic cartsoocylic adds, keto 
group-containing aliphatic cartxnylic acids* aldehyde group-conlaining aliphatic caitxixylic acids^ alic^cKc struo- 
ture-oomalning aliphatic cartxacyEc addSw aromalie ring«ontabiina oori|ugate earisoxylic adds, and aramaUc ring- 
containing non-oonjus^e cartxuc^ic acids 

CD 8. The positive type radiation sensitive resin composition according to daim 1, wherein said compound which ipon 
exposure to racGation generates an add other than a caitxnyfic add is selected from the group consisting of onium 
salt compounds, sUHone compounds, sulfonate compounds, suHonimide oompounds. and diazomethane com- 
pounds. 



65 9. TlMpositivB type radialion sensitive resin composition according to daim 1, wherein said compound which Lpon 
exposure to radiation generates an add other than a eart»xylic add Is selected ftom the group consisting of onium 
salt oompounds arri diazomsthane oompounds> 
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IOl Arwoativetyparadationservsitivereeinooni^^ 

(C) an alkali^luble reein, 

(D) a compound oapabla of croes-linWno an alkali-soluble resin in the presence of an add. and 

(B) a ptiotoadd generator comprising two or more chemical compounds, one bsing a conpound wNch upon 
exposure to radiation generates a caitHixylic acid ha^ng a boHing point of 150*C or higher under atmospheric 
pressure and the other a compound which upon eocpoam to radiatian generates an acid other than a caitxxx- 
ylicBdd. 
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FIGURE 1 



31 



EP08882O1A1 



EuropMn Patint 

OfflOtt 



EUROPEAN SEARCH REPORT 



EP 98 n 5537 



DOCUMENTS COWSiDERED TO BERELEVANT 



Catagoiy 



cman ol tfocurmm vvKh indieertion. vvhore appropflate. 



Rslovant 



CLASaFlCAtlOHOFTHe 



EP 0 677 788 A (MOECHST JAPAN LIMITED) 

18 October 1995 

« pa{|e 3, line 51; clalns 1,2,7,8 « 

DE 43 23 289 A (SIEMENS AG) 

19 January 1995 

* page 4. line 50 - line 55 * 

* page 6; example 5 * 

DATABASE UP I 

Section Ch, Week 9707 

Oerwent Publications Ltd., London, G6; 

Class A89, AM 97-074086 

XP002087972 

It JP 08 320554 A (FUJI PHOTO FILM CO LTD} 
3 December 1996 
abstract * 

EP 0 440 086 A (HOECHST 
AKTIEMGESELLSCHAFT) 7 August 1991 

* page 14 - page 15; example 3 * 



1,5-10 
1-4,8,9 

l.B,9 



803F7/004 



1,8.9 



SEARCHED (MlCI:^ 



fi03F 



TIM pras«m 6«arch rapoft hftfi bOM cinnNn up lor lil dam 



THE HAGUE 



5 January 1999 



Oupart. J.-M. 



CATEQORY OF Crr£D OOCWZHTS 

X : partoatafly cMtvam r taMHi alOM 

y r pmuuity r^Mwani f oomurwtf win wottur 

doctmnlollf 
A : ttchnotoglcAi bMKgrovnd 

P; 



E : Mrl«r piton dMumtnt. but pti)8#)*d orr. «r 

D: Oooutnen dtod bitta wppVcMan 
L : dDe«jmMrt cKtd f or olhir rauom 

& ; 'mtfirtbor oi ttit Mma patent taviy, oocraaponilna 



32 



1 



EP0a8e2O1A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 98 11 5537 



Thb annsx lists lh» patsrri lamilv m«mb«mralalinB to he patent documents cHed in the above-fnenttonad Suropean search rsport. 
The mamben are at oontainadin the Eufopean Polant Office EOP na on 
The BfTOpean Patent Office Is in no way naUe for these poitkulm 

05-01-1999 



PatenI document 
cited in seardi report 



Publication 
date 



Patent famly 
mamberCs) 



EP 0677788 A 18-10-1995 



JP 
SG 
US 



7333844 A 
32331 A 
5663035 A 



DE 4323289 A 19-01-1995 



AT 
VO 
DE 
EP 
JP 
US 



172549 
9502851 
59407144 
0708934 
8S12414 
5648195 



EP 0440086 A 07-08-1991 



OE 
€A 
DE 
Jp- 
JP 
US 



4003025 A 
2035406 A 
59106745 D 
2761482 B 
4213459 A 
5376496 A 



22-12-1995 
13-08-1996 
02-09-1997 



15-11-1998 
26-01-1995 
26-11-1998 
01-05-1996 
24-12-1996 
15-07-1997 



08-08-1991 

03- 08-1991 
30-11-1995 

04- 06-1998 
04-08^1992 
27-12-1994 



S For nm detaite alMMrt thb anneN : see Oflietai Journal of tia Eurapeen PoteM 



33 



If 



